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INTRODUCTION 
In 1898 Shiga isolated a bacterium from both the 
;feces and intestinal tract of 36 dysentery patients in 
Japan. The organisms were agglutinated by patientst sera 
but not by sera from normal peopl~. He described this 
bacterium as a short, slowly motile rod, rounded at both 
ends and unstainable by Gram's method. Shiga called this 
organism Bacillus dysenter~ae and further characterized it 
as being non-sporing and incapable of liquefying gelatin. 
It did not coagulate milk, produced no indol and fermented 
glucose. Flexner (1900) and Strong and Musgrave (1900) 
isolated a similar organism in the.Philippines, in North 
America, and in Puerto Rico~ . They stated that this bacillu·s 
could produce dysentery by oral administration t0 man. In 
1900 Kruse described a bacillus which was similar to that 
described by Shiga but it was non-motile. The disagreem~nt 
over the identity of these two bacilli was finally r·esolved 
by a board which concluded that the two organisms were ideiJ.ti ... 
cal and that Shiga had mistaken what is-now called Brownian 
movement for true motility~ The next year Kruse (1901) des-
cribed a microorganism;-similar to the Shiga-Kruse bacillus 
but the associated disease was milder. This he called 
Bacillus pseudodysent.eriae. Collins (1915) replaced the term 
pseudodysentery with the·term paradysentery. 
Martini and Lentz (1892) stated their ,belief that when 
Fle.xner (1900) is~la.ted Shiga's bacillus he also had isolated 
the bacillus which now hears his name~ They also demonstra-
ted that there was a serologic difference between the Shiga-
Kruse bacillus and the pseudodysenteriae group of Kruse, the, 
Flexner bacillus, and the Strong bacillus. This difference 
was the basis for grouping these bacilli into two groups. 
Group I was composed of only the Shiga-Kruse bacillus. Group 
II was composed of serologically related F1exner, Strong and 
pseudodysenteriae bacilli. 
Hiss and Russell (1903) published .a classification which 
agreed with that of Martini and Lentz (1902), but it included 
more organisms. Prior to this time they had isolated a new 
bacillus which they termed Bacillus Y. It differed serolo-
gically from th-e Shiga-Kruse bacillus and by fermentation it 
differed from the Strong and Flexner bacilli. The classifi-
cation was summarized in Hiss and Russell's table, which 
follows: 
' ' 
Grou:e Com12osition Mannitol Maltose Saccharose 
I Shiga. 0 0 0 
II y + 0 0 
III Flexner + + + 
Hiss continued the serologic and fermentative study of 
these organisms. In the following year, Hiss (1904) reclas-
3 
sified the dysentery organisms and kept the first two group~ 
that he and Russell (1904) had proposed. However, the third 
group was split into Group III," the Strong Bacillus, and 
Group· IV, the Flexner Bacillus, on the basis of slight dif-
ferences in their sugar fermentations. Hiss also alluded to 
the antigenic composition of these organisms by suggesting 
.·. .. '• 
that there 'was a··spec:ffic major agglutinin and a minor ag-
glutinin. It was gradually realized that fermentative dif-
ferences were not basis eno':lgh for separation _.of..: serologically 
identical groups like Hiss' groups III and IV. 
In 1907 Kruse, Ritterhaus, Kemp and Metz studied 50 pseuQ. 
dodysentery strains and· classified t.hem iil.to types A through 
F. Eight years later .. Sonne (1915) studied the Flexner group 
and: divided it i:rito groups I and II.· He also described a 
group III which was .a serologic entity and a late lactose 
fermenter .. This group turned out_:Eo.be identical with B .. 
12seudodysenteriae type E of Kruse- et ~ai: ( 1907).. Then in 
1917 Schmitz isolated a mann:~·tol-neg~tive, indol positive 
bacillus from patients. who had clinical dysentery. This 
bacillus was serologically distinct from the Shiga-Kruse 
bacillus .. 
ThJ¢tta (1919) confirmed Sonne's work and also reclas-
sified the dysentery group. In this classification he com-
bined Sonne's groups I and II into group II, which was com-
posed of the Flexner, Strong andY bacilli. Thjptta 's group 
I was the Shiga bacillus, non-mannitol fermenting and highly 
4 
toxic. Group III was the serologically distinct new member 
of the mannitol fermenting group, Sonne's group III~ 
Andrewes and Inman (1919) made a study of the serologic 
races of the Flexner.group of the dysentery bacilli. The 
main feature of thei:f report was the classification and co~­
relation of the various strains of Bacillus flexheri into a 
logical system. T-hey divided the group into five races V, 
W, X, Y, and z, and two sub-races VZ and WX. The races were 
classified by the degree of absorption of the antibodies to 
one race by the other races. This in:formation is contained 
in the following table taken from Andrewes and Inman's pub-
lication. 
RACE 
v 
z 
X 
w 
y 
TITER ABSORBED BY 
v, vz 
z 
X 
X 
v and z 
w 
vz 
y 
X and W 
DEGREE OF ABSORPTION 
complete 
complete 
partial 
complete 
partial 
complete 
partia~ 
complete 
partial 
The sub-races were characterized in the same way; however, they 
presented a different; serologic picture since they had the 
characteristics of two different races. The sub-race VZ was 
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found to have antigens of race v but there was enough of 
the Z component to alter the basic antigenic structure. 
The sub-race WX was different. Race W was agglutinated to 
a maximum of one fifth of its homologous titre, and the race 
X to no more than one twentieth of its titre by antisera pre-
pared against sub-race WX~ 
One of the main drawbacks to Andrewes and Inman's clas-
sification was the fact that they only used 23 different 
Flexner strains. Consequently, when Boyd (1931) reported 
the results of his study of the mannitol fermenting bacilli 
isolated from patients .who had clinical dysentery, only 
seventy percent of the strains could be serologically clas-
sified accordi.ng to the schema of An.drewes and Inman. The 
remaining thirty percent had the biochemical characteristics 
of the Flexner group; but not the serologic characteristics. 
This group was divided into types,· which were labeled by the 
strain number. Type 88 had among its antigen a. portion of 
the antigens for the races .V, -W, and Y. Type 103 was des-
cribed as showing a relationship to races W, X, andY, and 
a lesser relationship to V and z.: This was termed 103B 
because ·it developed a variant which was inagglutinable by 
serum for any of the races or sub-races of Andrewes and Inman .• 
In 1932 Clauberg anaiyzed the antigenic structure of 
the Flexner group. He followed Kruse's (1907) classification 
. . 
and indicated the.various antigens with arabic numerals. 
Each of the four types considered had one antigen in common 
6 
with each other aad one specific antigen. The rest of the 
antigens found were shared by two or three types. 
Takita (1937) described a variant, VB, of' type V of' the 
Flexner group. This v.ariant was more stable than the parent 
type v, whic~ lost its antig~ns in coi!lt'llOn with types X, z, 
. . /' 
and W to form the va:riat),t. The following year Boyd (1938) 
analyzed the antigenic-- structure of'_ the mannitol fermenting 
group ~f__dysent.ery·bacii~i. He first characterized-the 
-. . 
variant of:~ype 103; which- he ~eriiled l03A, with-l03B de-
-signating_ the parent type~ .He also duplicated Takita' s 
isolation of the type Y. variant. The variant, type Pll9B, 
was considered as having :;t,ost.the type specific antigen 
. . -
while retaining the group antigen. Boyd also studied the-
y form of Hiss and Russell (1903) and considered it to be 
• ' ; ~- • • ~ • • .. • : . J • • 
derived from type W by loss of the type specific antigen. 
By this time, it has been recognized that Boyd's type 
88 was _the same organism which had been isolated during 
dysentery outbreaks in Newcastle and Manchester, England. 
In a summary of_ his work, Boyd-_ (1938) outlined the antigenic 
--
compqsition of.this group .. He started out by defining five 
antigenic factors present in the types 103B, Pll9B, and Y. 
He then expanded this to cover all Bacillus dysenteriae 
flexneri types. His classification and the antigenic struc-
ture of the organisms-studied is summarized in "the table 
which follows. 
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Organism TrJ2e antigen Grou:12 antigen Designation 
v, vz Specific 1,2,3,4,5,6 B. dysenteriae flexneri 
w Specific 1,2,4 B. d:zsenteriae flexneri 
·z Specific 1,2,6 B .. d:zsenteriae flexn,eri 
103 ·Specific 1,2,3 B. dysenteriae flexneri 
Pll9 Specific 1,5 B. dzsenteriae .flexneri 
. 88 Specific 1,2,4 B. dysenteriae flexneri 
Boyd did not include types X andY because he felt that they. 
·-
were·degraded variants of types Z and 103 respectively. 
In 1944 Wheeler (1944a) demonstrated the presence of 
three_ different· group antigens of Shigella J2aradisenteriae .. · · 
The first of these was found in types V, Z, and 103 ;· the 
second was discovered in types X, W, Y, and 88, while types 
x,·y and Pll9. con-tained,the third .. Alsp i~ ~his work Wheeler 
reclassified the Flexner group using, as basis, Boyd's (1938) 
schemf?. However, in hts classification, Wheeler included 
Andrewes and ±:hr;~hr~ :(i919) types X andY, to which he did 
not assign Roman nUmerals because he had used them to de~ 
signate type specific antigens of which types X and Y were 
devoid.; To complete the classification, Wheeler labeled 
the group antigens with arabic numerals. Antigen 1 was 
.. 
.found in all types; 2 in types I and VI; 3 in types II ·and 
Y· 
' 
4 in types I, TI 
' 
v and VI;. 5 in types I and V; 6 in 
typ~s I, III and Iv• 7 in III, v and .X; 8 in types III and 
' ' 
X; and, 9 in_types I, III, V and X. Later, Wheeler (1944b) 
I 
II 
III 
IV 
v 
VI 
.e 
completed this classification by further studying his type 
II. He divided this type into two on the basis of dif-
ferences found in the component group antigens. Type IIA 
qontained group antigens 1, 3, and 4, while type IIB was 
composed of group antigens 1, 7, 8, and 9, b~t the type 
specific antigens w~re the same~ 
In the same year Weil, Black and Forsetta (1944) divided 
the Shigella paradysenteriae into 17 types on the basis of 
their primary (type-specific) antigens. Types l-8 were the 
same as Wheeler's (1944a) types I - VI plus .X and Y, while 
types 9 - 14 were the same as Boyd's. (1938) Bacillus dysen-
teriae boydi I-VI. Type 15 was the same as type VZ of 
Andrewes and Inman (1919). Types l6.and 17 were new types; 
type 16 was a composite of types 3 and 6 while type 17 was 
a composite of types 5 and 9~ 
Perlman and Goebel (1946) used antibody nitrogen de-
terminations to study·· the Shigella paradysenteriae ( Flexner) 
types I, I-III (IB) and III. They concluded that the· 
somatic antigen of any one type was a single molecule, since 
thehomologous reaction removed all the antibodies from the 
. . 
antiserum and the heterologous reaction did not. They also 
concluded that the. antigen of type~I-III.(IB) was similar 
but no~ identical with the type I or type III antigens, and 
that the type I-III (IB) antigen was a distinct,. single 
immunological molecule- · 
At this point, 3 of the 8 types had been subdivided 
into six sub-types. In 1948 Kaufmann and Ferguson studied 
'· 
these six sub-types. They found that types IVA and IVB 
were different in their group antigens, and that type IA 
differed from type IB by possessing a unique antigen. 
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They found a minor difference between the two sub-types of 
Type II. Kaufmann and Ferguson felt that instead of number-
ing these types as six separate ones, they should be consi-
dered as three types each with one sub-type. It should be 
noted that in the publication of Kaufmann and Ferguson the 
type they referred to as IB was the type IA in the preced-
ing discussion, and that the type IA was the type IB re-
ferred to earlier. · 
Madsen (1949), working with all the shigellae, studied 
the various types of the Shigella flexneri- In the course 
of this work he also noted the unique antigen which Kaufmann 
and Ferguson had described in type IB (their type IA). 
Madsen labeled it rrsrr. He divided type I into IA c;nd IB, 
the former being the I~ of Kaufmann and Ferguson (1948} and 
also the type V of Andrewes and Inman (1919). It had the 
type specific I antigen and group .antigens 1, 4, and 9. 
Madsenrs type IB was identical to Kaufmann and Ferguson's 
type IA and also Andrewes ~nd Inmants type VZ. It had the 
type specific I antigen, and group antigens I, 4, 6, 9 and 
the nsu antigen. 
Formal arid Baker (1953} investigated the antibodies 
produced by immunization of rabbits with types lb and 3. 
They found that the .antibodies formed against the type 
10 
specific antigen, the. 11 s 11 antigen and the 6 group antigens 
of the type IB, and against the type specific III antigen 
and the 6 group antigens of the type 3 represented the major 
part of all antibodies formed to the types studied. 
Most of the work discussed above, with the exception of 
that of Perlman and Goebel (1946) ·was -done using agglutina~ 
tion reactions~ The experiments being reported employed the 
agar-gel precipitation technic: Sia and Chung (1932) first 
used .the precipitin reaction in agar to study the pneumococcus; 
however, Oudin (1946) ·was the first to describe a practical 
technic for its use~· He used the pneumococcus type VII~ 
polysaccharide or ovalbumens as antigens. Solutions of 
these .were piaced above a mixture of an appropriate anti-
serum and either gelatin or agar, in a cq.pillary tube. As 
the antigen diffused into t~e antiserum-agar mixture an 
opaque zone of precipitate was·. formed where· '!:ihe .relative 
concentrations were equivalent. This ·zone.migrated farther 
into th.e agar-antiserum mixture as the relative concentra-
tions changed. 
Ouchterlony (1948) used a Petri dish instead of the 
capillary tube and placed the reactants in.depressions in 
the agar to study Corynebacterium diphtheriae. The reac-
tants diffused into the agar and where they met in optimal 
concentrations an opaque zone formed. Still another dif-
ferenc~ was that in this technic the zones did no~ migrate 
as they did in the Oudin technic~ 
11 
" Bjorklund (1952) studied the antigens of Corynebacterium 
diphtheriae and Clostridium tetani vvith the Ouchterlony tech-
nic~ He found that pretreatment of agar with either diph-
theria or tetanus toxin prevented the. appropriate zones of 
precipitate from forming. He further stated that the degree 
of inhibition depended upon the amount of toxin mixed with 
agar. Jensen and Francis (1953) employed the Ouchterlony 
technic to study the antigenic composition of the influenza 
virus. They were the first to demonstrate the antigen-
antibody reactions of viral strains in the agar-gel technic. 
They also repeated Bjorklund's (1952) results concerning the 
pretreatment of agar with one component of a complex antigen 
system .. 
Wilson and Pringle (1954, 1955, 1956) studied the factors 
affecting precipitation zone formation using the Ouchterlony 
technic~ They found that for good and consistent results 
the agar concentration, the pH, and the temperature should 
be kept constant. They found that the speed of precipitation 
zone formation increased as the temperature of incubation 
increased. Also they found that two antigen-antibody systems 
acted independently in forming two zones of precipitate. 
These cross~reactions were de.scribed and classified, and will 
be discussed in detail in the section on materials and methods. 
Korngold (1956) confirmed Wilson and Pringle's work on the 
importance of antigen and antibody concentrations. He also 
pointed out that when a.-low concentration of antibody is used, 
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two unrelated precipitation zones may terminate so that tip 
touches tip, resembling a reaction of identity. 
As far as the enteric pathogens are concerned, two 
groups have been working on them using the agar-gel technic. 
Landy et al (1955) studied the homogenicity of purified 0 
antigen of Salmonella ·ty:phosa with the Oudin technic. White-
side and Baker (1958) used both the Oudin and Ouchterlony 
technics to study the immunological characteristics of the 
Vi antigen of Eschericha coli, Paracolobacterium ballerup, 
and two strains of Salmonella typhosa, one rough and the 
other smooth .. 
The purpose of the investigations to be described was 
to study the precipitation zones forme·d by the homologous 
reactions of Shigella flexneri.types lb and 3 using the 
agar-gel technic. A second aim was to investigate the 
number of molecular species involved in the cross-reactions 
of these types .. 
MATERIALS-AND METHODS 
·ORGANISMS USED 
The following types and strains of Sh. flexneri were 
. obtained from Dr. Samuel B~ Fonnal, Division of Immunology, 
Walter Reed Institute. of Research, Walter Reed Medical 
Center, Washington, D. C. 
Type Strain_ Type Strain 
la l-2 3 l7B 
lb 1-l 3 45C 
lb 1-4 3 46A 
lb 1-8 3 58A 
lb l-9 3 M96A 
lb 1-10 
These cultures were typed serologically by Dr. Formal just 
prior to the beginning of this work. Upon receipt they were 
characterized biochemically. Four subcultures were prepared, 
two of which were stored frozen and the other two were re-
frigerated at 4°C. The nomenclature used in this thesis is 
that of Edwards and Ewing (1955). 
CULTURE MEDIA 
Difco nutrient agar was used for the culture plates and 
slants. All the organisms employed in the preparation of 
antigenic extracts were grown in a broth medium which con-
tained 1% casamino acids (Difco), 1.33% dextrose, and a 
dialysate of 300 mgs of dried yeast per liter. The cultures 
were grown in either one or fifteen liter amounts, the latter 
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according to the method of Formal and Baker (1953). The 
one liter cultures were grown in two liter Erlenmeyer 
:f.'lasks at 37°G with constant agitation. 
PREPARATION OF ANTISERUM 
Antiserum against the strains of Sh. flexneri used 
were made by injecting rabbits intravenously every other 
day with a total of 9~8 mls of living 24 hour broth cultures. 
This amount of culture was divided into eight doses starting 
with 0.1 ml and increasing so that the last four doses were 
2.0 mls each. The organisms were collected by centrifugation 
and resuspended in 0.15M sodium chloride (this will here-
after be referred to as saline). On the fifth day after the 
eighth injection 50 mls ·of blood were collected from the 
marginal ear_ vein. Bleeding was repeated on. the sixth day 
and on the seventh ·day the rabbits were exsanguinated by 
cardiac puncture. Each 'specimen· of blood was allowed to 
clot and the serum collected separately. The serum then 
was tested by agglutination using :formalin-killed homologous 
organisms as the antigen.· The titers ranged from 1/6400 to 
1/12,800. If the titers were ac;lequate, the three bleedings 
were pooled, filtered through aSelas no .. 02 filter. Mer-
thiolate was added to a final concentration of one part in 
ten thousand. 
FRACTIONATION OF SERUM 
The antibodies in the antisera were precipitated by the 
addition of saturated ammonium sulfate to a final concentra-
tion of 40% of saturation.. The mixture was allowed to stand 
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overnight- at room temperature. The precipitate was col-
lected by centrifugation and dialysed.against distilled 
water and then against saline. The material was concen-
trated by pervaporation to approximately one half the 
initial serum volume~ Hereafter, fractionated serum will 
be referred to as antiserum. 
PREPARATION AND PHOTOGRAPHING OF AGAR-GEL PLATES 
Plates were prepared using a 1% solution of Special 
Agar-Noble (Difco) in saline and had· a final pH between 
7.2 and 7.5. The plates were prepared by cementing a 
lucite ring to 3~ x 4 inch lantern slide plates with 
Weldwood Contact Cement (United S~ates Plywood Corp.). 
Ten mls of hot agar were added to these plates. After the 
agar had hardened, a three or seven well mold was placed 
on this agar layer and ten mls of hot agar were added. 
When this second layer was hard, the mold was removed. 
To carry out the precipitation reaction, the peripheral 
wells of a seven well plate or two of the wells of a three 
well plate were filled with 0.2 mls of appropriate reactants 
and the remaining well filled with 0.2 mls of the other re-
actant. A second lantern slide covergl~ss was placed on 
top of the plastic ring and sealed with Sanfords Grippit 
Cement (Sanford Ink Co.). The resulting sealed plate, set 
up in duplicate, was incubated at 30°C for six days. After 
this time the precipitation patterns on one plate of the 
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pair were sketched; the other plate was incubated for eight 
additional days before sketching~ 
The plates were photographed when they were thought to 
be significant~ These photographs were made by placing a 
High Contrast Lantern Sli.de Plate (Kodak), emulsion side 
up, underneath an agar-gel plate which had been flooded 
with water to provide a uniform surface. These were then 
exposed for an appropriate length of time and developed. 
Prints were made from t~ese plates by first printing on 
P'anatomic X Film {Kodak) and from.these, prints were made 
on F-2 Azo Paper (Kodak)~ 
INTERPRETATION OF AGAR-GEL DATA 
.In the rest of this thesis there will be references 
to cross-reactions, reaction of identity, (either complete 
or partial), and reaction of non-identity~ Ouchterlony 
(1948) studied the cross-reactions of the antigens of 
Corynebacterium diphtheriae and pointed out the types of 
reactions to be expected when antigens were identical, 
related, or different~ W;ilson and Pringle (1955) described 
the ways. in which the immunologic relationship of the various 
antigens ~ould be established.. The .first of these was the 
reaction:· of complete ~denti ty, in which the precipitation 
zones formed by two antigens and the same antibody com-
pletely coalesced .. The meaninggiven to this reaction 
shown in sketch l, by Wilson and Pringle, was that both of 
\ 17 
the antigens in question were identical. The. second re-
action was that of partial identity, in which both zones 
fused but also one of the zones crossed the other to form 
a spur. A spur was described as being a separate conti-
nuation of a precipitation zone beyond the point of fusion 
with another zone. This reaction shown in sketch 2 was 
interpreted to mean that the antigens were similar but 
not identical. The th:i,.rd reaction described was the re-
action of non-identity in which there was no .-fusion or 
coalescing of the precipitation zones. This was taken to 
mean that the two antigens were completelydissimilar. 
This system of interpretation was used in the present work • 
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SERUM ABSORPTION 
In the early stages of this work,· antiserum was ab-
sorbed using formalin-killed cells in the amounts indica-
ted by Formal and Baker ( 1953). When this absorbed serum 
was tested in agar.~gel plates, enm,1gh antibody usually was 
left to form a zone of precipitate. Because of this, it 
was decided to absorb the serum according to the technic 
described by Whiteside and Baker (1958). 
In this method .of absorbing serum, the amount of 
antigen used was the minimum sufficient to inhibit the 
precipitation zone formation by the particular antibody* 
In this technic the usual method of preparation of the 
plates was modified, although the agar solution, incubation 
times and temperature remained the same~ The preparation 
of a plate was as follows: two mls of hot agar were placed 
in a plate. When this layer was hard, a three well mold 
was placed on top of this layer and 10 mls of hot agar 
added. When this layer was cool, the mold was removed and 
the wells filled with 0.2 mls of plain agar or agar mixed 
1:1 with the appropriate antigen. After these fillings had 
hardened, the mold was placed e,xactly upon the filled wells 
and 10 mls of hot agar added~ When this layer had cooled, 
the molds were remov.ed and the wells filled With reactants 
and the plates sealed as previously described. 
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PREPARATION OF ANTIGENIC EXTRACTS 
Preliminary work, using non-quantitative methods of 
preparation indicated that an antigenic extract prepared 
by digestion of an unweighed quantity of agar-grown cells 
with trypsin produced more precipitation zones than did 
either a saline suspension of.broth-grown cells or a 
0.5-N trichloroacetic acid extract· of agar-grown cells. 
Because of this finding, trypsin was used in the prepara-
tion of the antigenic extracts. 
A weighed amount of acetOne-killed ·organisms was 
suspended in saline, ·to which phenol was added to a final 
concentration of 0.2%. The pH was adjusted to 7.0 and 
between 10 and 15 mgof trypsin, 1:250 (Difco standardized) 
added. The suspension was incubated for 24 hours at 37°C. 
At the end of the incubation period, the suspension was 
centrifuged and the supernatant collected and stored for 
6 days at 4°C before using in the experiments. Unpublished 
experiments by Mary McNichol have shown that one to two 
week old extracts are superior to freshly prepared antigens. 
ANTIGEN ABSORPTION 
This technic was essentially the same as that previously· 
described for the absorption of serum. The main difference 
was that a 1:1 mixture of antiserum and agar was .used to 
fill one of the wells instead of the similar agar-antigen 
mixture. Also one of the remaining two wells was filled 
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with an unabsorbed antigen solution, and the third well 
filled with antiserum~ 
RESULTS 
VARIATIONS IN ANTISERA 
The results of a preliminary investigation, using 
antigenic extracts prepared ~th an unweighed quantity 
of organisms, indicated that there was no detectable dif-
ference in the antisera produced by different rabbits 
immunized with organisms of the same strain and type of 
Sh. flexneri. From this-preliminary investigation it 
was assumed that the response of rabbits to any given 
strain of Sh~ flexneri was constant for that strain .. 
Assuming a uniform response by rabbits to a single 
strain, the variation between antisera prepared by immuni-
zation with different strains was determined. The anti-
sera used in this experiment was produced in rabbits to 
either type lb strains 1-1, 1-41 1-8, 1-9, and 1-10, or 
type 3 strains l?B, 45C; 46A, 58A, and M96A, and tested 
in seven well agar-gel plates with an antigenic extract 
made from a 30 mg/ml suspension of cells. Inspection of 
Plate I, Figures 1 and 2, revealed that each of the dif-
ferent zones formed by an antiserum showed reactions of 
complete identity with the respective precipitation zones 
'· ' - .. ·~';. . 
of antiserum in adjacent wells. From these results it 
could be concluded that the same·antibodies were produced 
by immunization with different strains of the same type 
of Sh~ flexneri~ 
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VARIATION IN THE ANTIGENIC COMPONEN!S OF EXTRACTS OF SOME 
SH~ FLEXNERI 
. 
In order to ascertain the differences in the antigenic 
structure of various shigellae, extracts made from 30 mg/ml 
suspensions of cells, to either type lb strains 1-1, 1-4, 
1-8 and 1..;10, or-type 3 strains l?B, 45C; 46A, 5SA and M96A, 
were placed in ·the peripheral wells of a seven well plate. 
The center well of the.plate was .filled with an appropriate 
anti.sertim. Inspection of ·Plate II,_ Figures 1 and 2, reveals 
that all the type lb strains pro4uced three zones. These 
zones exhibited react:tons of complete identity with those 
produced by antigens in adjacent wells. Figure 2, Plate II, 
shov1ed that the type 3 antigenic extracts all produced three 
precipitation zo_nes. These also ·were completely identical 
' 
with the zones produced by antigens in adjacent wells.· From 
these results it could be concluded that, at the concentr~­
tions of antigen and·a.ntibody used, the components of type 
'lb or· :type 3 Sh. flexneri antigenic extracts did not vary 
among strains of the s.ame type~ . 
THE ANTIGENICS1R.UCTURE OF TYPE lb SH. FLEXNERI 
Even though the munber of precipitation zones .formed 
by the homologous reaction of type 10 Sh. .flexneri was 
determined in.the preceding section~, for the sake of 
clarity in this section, the homologous reaction was du-
plicated using a three well plate. One well of the plate 
23 
was filled with type lb antiserum, and the other two wells 
were filled with antig,enic extracts made from either a 20 
or a 30 mg/ml suspension of cells. Inspection of Figure 3 
revealed that three zones of precipitate were formed by 
either ant·igenic extract. These zones were felt to repre-
sent ·the number of detectable antigen-antibody systems 
involved in ·the homologous reaction of type lb Sh. flexneri. 
Three methods were used to identify these zones and all 
were based on cross-reactions. The first involved the 
cross-reactions themselves; the second method involved 
the cross-reaction for the absorption of specific antibodies; 
and the third involved the absorption of the associated 
antigens in type lb antigenic extracts$ 
The cross-reactions of type lb Sh. flexneri with either 
types la or 3 were utilized to identify the precipitation 
zones due to the type specific I antigen and the-6 group 
antigen. This was done by placing type lb antiserum in one 
well of a three well plate; a second well was filled with 
type la antiserum, while the third well was. filled with type 
lb antigenic extract made from ~ JO · mg/ml suspension: of 
cells. Also this was prepared in a_ similar fashion but 
differing in that the second well was filled with an.anti-
genic extract of type. la which was made from a 30 mg/ml 
suspension of the cells. Inspection of Plate IV, Figures 
1 and 2,_ revealed that the-homologous reaction formed three 
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·precipitation zones whereas .·the type la-lb cross;..reaction 
formed only one zone which showed a reaction of complete 
identity with the homologous zone formed nearest the anti-
gen well •. 
The cross-reaction between types lb and 3 Sh. flexneri 
was utilized in a preparation similar to that employed with 
the type.la-lb cross-reaction. The preparation differed 
'. 
only in that tyP.e 3 antiserum or antigenic extract~, made 
from a 30 mg/ml suspension of cells, was used in place of 
. the type la antiserum or antigenic extract. Study of Plate 
V revealed that the reaction between types lb and 3 formed 
one zone oi precipitatE? which demonstrated a reaction of 
partial identity with the precipitation zone formed by the . 
homologous reaction nearest the antiserum well. 
According to currently accepted views the antigenic 
structure of type lb Sh~, flexneri is similar to that of 
type la except for the presence of two group antigens not 
found in type la. These two group antigens are the 6 group 
antigen, and the ns" antigen (Madsen 1949). While the 
cross-reactions discussed above showed that there were anti-
gens in common between type lb and types la and 3; it did 
not clearly establish the identity of these antigens. In 
order to accomplish this, type lb antiserum was absorbed 
with .type la antigen in agar-gel plates •. Absorption was 
carried out in a three well.plate, with one well containing 
type lb antigenic extract made from a 30 mg/ml suspension 
25 
of cells. The other two wells were filled with type lb 
antiserum, but under one of the antiserum wells was placed 
0.2 mls of a type la antigenic extre3.ct, made from a 150 
· mg/ml suspension of cells·, mixed 1:1 with agar. Plate VI, 
Figure 1, reveals that the absorbed· antiserum produced only 
two precipitation zones, while the unabsorbed antiserum 
produced three, a zone produced by the specifically ab-
sorbable antibody, being nearest the antigen well. It 
was concluded that two of the three zones produced in the 
homologous reaction were due to either the 6 group or the 
nsn antigen and that the third represented the type specific 
antigen. 
There was ·one antigen in common between types lb and 
3, as shown in the cross-reaction experiment. If one uses 
type 3 antigenic extract made from a 150 mg/ml suspension 
of cells, to absorb type lb antiserum in a simila.r experi-
IJ?.ent, unabsorbed type lb antiserum being placed in an adjacenti 
well, the. zone due to the antigen in common should not form 
in the agar-gel plate. · The absorbed and unabsorbed antisera 
were allowed to react with type lb antigenic extrac~ made 
from a 30 mg/ml suspension of cells. The absorbed serum 
only produced two'zones, while the unabsorbed antiserum pro-
duced three, the third,. due to abs'orbable antibody, being 
nearest the antiserum wel.l and .forming a reaction o.f identity 
with a zone formed between the two antibody wells. From the 
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results shown in Plate VX, Figure 2, it was concluded that 
the precipitation zone nearest the antibody well was ab-
. sorbed by type 3 antigenic extract. 
Having identified the precipitation zones produced 
by the homologous reaction of type·· lb Sh. flexrieri, it was 
decided to further chara,eteri.~e them by attempting to absorb 
one or more component antigens of the extract in an agar-gel 
plate by placing type lb ant;igenic extract, made from a 30 
mg/ml suspension of cells, above a mixture of agar and type 
la antiserum~ When this was performed by the .p+eviously 
described technic, satisfactory results were not obtained. 
The. inability to completely block the desired antigen was 
probably due to the high concentrations of. both antigens 
relative to the concentration of antibodies. Further ex ... 
perimentation may overcome this difficulty.· Earlier work, 
-
.. using antigenic extracts made , • ·from unweighed amounts of 
cells, and unconcentrated antiserum:, had given usable 
although not entirely satisfactory results with this technic. 
Plate VII revealed that type lb antigen,'absorbed by type la 
antiserum, produced only one zone instead of the usual·three. 
This precipitation zone showed a reaction of identity with· 
the zone nearest the antiserum well formed by the unabsorbed 
antigenic extract. This zone had been previously identified 
as being due to the 6 group antigen. 
From the results described in this section two conclusions 
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can be made. The experimental results obtained using the 
cross-reaction between types la and lb proved that the pre-
cipitation zone formed nearest the antigen well was due to 
the type specific I antigen, since it was formed by type la 
antiserum and antigenic extract. It can be removed from 
type lb antigenic extract by type la antiserum, and it can 
be absorbed from type lb antiserum by type l~ antigenic 
extract. The experimental findings also proved that the 
zone formed nearest the antiserum well is formed by the 6 
group antigen. This was shown with the cross-reaction 
r . 
between types lb and 3, .since it . Wfi:.S formed by both type· 
3 antigenic extract and· .ant·iserum. It can be absorbed 
from type lb antiserum with type 3 antigenic extract and 
type 3 antiserum absorbed the antigen which is associated 
with it in type lb antigenic extracts~ 
THE ANTIGENIC STRUCTURE OF TrPE 3 SH'• FLEXNERI 
The immunological characteristics of Sh. flexneri type 
3 were studied in a manner similar to that reported above 
for type lb. Undiluted type· 3 antiserum was placed in one 
well of a three well agar-gel plat~, and the otheL' two wells 
were filled with type 3 antigenic extracts, made from either 
a 20 or a 30 mg/ml suspension of cells. Inspection of Plate VIII 
revealed that both of the extracts formed three precipitati-on 
zones. This represented the number of zones formed at these 
two concentrations of antigenic extracts by the homologous 
reaction of type 3 Sh .. flexneri antigen and antibodies .. 
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The identification of these zones utilized the same three 
technics; cross-reaction between antigens or antisera, 
serum absorptionj and antigen absorption:J as usedin the 
identification of the precipitation zones formed in the 
homologous reaction between type lb antigen and antibody. 
The cross-reaction between types J and lb was utilized 
to demonstrate the precipitation zone due to the 4., 6 or 
9 group antigens. In utilizing this cross-reaction, plates 
were prepared in two ways. First a type lb or 3 antigenic 
extract, made from a 30 mg/ml suspension of app!-opriate 
cells, was placed in two wells of a three well plate; type 
3 antiserum was placed in the third well. T~e other method 
of preparing the plates was similar to the above method, 
dif:fering only that type 3 or lb antiserum was placed in 
two wells and a type 3 antigenic extract, made from a 30 
mg/ml suspension of cells, in the third. Figure 9 revealed. 
that the homologous reaction formed three precipitation 
zones. The two zones nearest the antiserum well coalesced 
with the zones formed by the type lb-J cross-reactions, in-
dicating identity of the two anti"gens involved. The homo-
logous reaction resulted in the formation of .an additional 
zone nearerthe antigen well produced by an antigen not 
shared with type lb, presumably the type specific III 
antigen .. 
In order to identify the precipitation zone due to 
the type specific III antigen and to complete the identifica-
tion of the antigen in common "between types lb and 3 the .follow·-
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ing experiment was conducted. Type 3 antiserum was 
absorbed with type lb antigen.in agar-gel plates. Absorption 
was carried out in a three well plate, ·with one well contain-
ing type 3 antigenic extract made from a 30. mg/ml cell sus-
pension. The other two wells were·.filled with type 3 anti-
serum, but under one of the antiserum wells was placed 0.2 
mls o~ a type lb antigenic extract, made up from a 150 mg/ml 
cell suspension, mixed 1:1 with agar. Inspection of Plate 
X revealed that a single zone was formed by the type 3 
antiserum absorbed with type lb antigen. Three zones were 
formed by the unabsorbed type 3 antiserum and the zone 
nearest the antigen w~ll coalesced with the zone formed by 
the unabsorbable antibody indicating identity. The ab-
sorbable zones must have been due to the 4, 6, or 9 group 
antigen-antibody systems. The unabsoroable zone resulted 
.from the type· specific III antigen-antibody system. 
In order to further characterize-the antigens of type 
3 Sh • .flexneri, it was decided to. try and absorb some of 
the component antigens of the type 3 antigenic extract. 
The ·technic used for the study of the type lb antigen-
antibody systems was used here. Type 3 antiserum was 
placed in one well of a three well agar-gel plate and the 
other two wells were filled with type 3 antigenic extracts 
made from 3 0 mg/ml cell suspensions~ -Underneath one of the 
antigen wells was placed type lb antiserum. The results 
obtained were not satisfactory but further experimentation 
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may overcome the difficulties. Earlier work which employed 
unconcentrated antiserum and antigenic extracts made from 
unweighed amounts of cells gave results which were usable 
but not entirely satisfactory. These results shown in Plate 
Xl upon inspection revealed th~t the type 3 antigenic extract 
absorbed with type lb antiserum formed one zone.. The unab-
sorbed antigenic extract formed. two zones, the one nearest 
the antigen well coalescing with the zone formed by unab-
set\lable antigen, indicating identity. The zones due to 
absorbable antigen must result from the 4, 6 or 9 group 
antigen-antibody systems and the zone due to unabsorbable 
antigen must have been due to the type specific III antigen-
. antibody systeme 
From the experimental findings presented in this section. 
we can draw conclusions concerning the precipitation zones 
comprising the homologous reaction of type 3 antige~ and 
antibodies.. There are .two zones in common between types lb 
and 3 ·and these must be due to two of the ·three following 
group antigens, 4, 6, or 9.. The two shared precipitation 
zones are nearest the antiserum well. The zone nearest the 
antigen well is due to the reaction of the type specific III 
antigen and antibody. 
DISCUSSION 
By means .qf the ag-ar-gel precipitati<;>n technic it has-
been demonstrated that fabbits immunized with different 
strains of either Sh~ flexneri types lb or J produced the 
same antibodies. It was also. shown that the component anti-
gens of types lb or J ant;igenic extracts did not vary within 
the same type~ 
It was shown that type lb Sh. flexneri produced at 
ieast three antigens which can be detected by their homo-
logous reaction .in agar,...gei plates. One of these has -been 
identified as the type specific I antigen, another as the 
6 group antigen. The third zone was not identified with 
any degree of certainty but was probably the ttsn antigen. 
Type J Sh. flexneri was demonstrated to contain at least 
three antigens which can be detected by their homologous 
reactions in the agar-gel technic~ One of these antigens 
was identified as the· type specific III antigen, and the __ 
other two were demonstrated to be due to the 4, 6, or 9 
group antigens~ 
The results of the experiments involving the absorption 
of either antibodies or antigens directly in the agar-gel 
plates provided f'urther information regarding the identity 
of the various antigens-. When type lb antiserum was ab-
sorbed to remove the type specific ·antibody, a precipitation 
zone was formed by the. absorbed ap.tiserum which could be 
identified as ·being due to the 6 group antigen. The antibody 
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directed against the 6 group antigen could be specifically 
absorbed from the type lb antiserum. This absorbed anti-
serum formed one zone of precipitate which was identified 
as due to the type specific I antigen-antibody system.. When 
type 3 antiserum. was absorbed to remove the antibody directe.d 
against the group specific antigens, a zone of precipitate 
was formed which could be identified as due to the type 
specific III antigen-antibody system. 
The results discussed above are in agreement with 
current views of the antigenic structure of the shigellae 
(Edwards and Ewing, 1955). In general, it is agreed that 
an antiserum prepared by immunization of a rabbit with a 
given type of Sh. flexneri will contain several antibodies 
each of which can be specifically absorbed by treatment 
of the antiserum with appropriate antigens.. Formal and 
Baker (1953) usingthe quantitative agglutination technic 
were able to determine the amounts of:cross.-reacting anti-
body directed against the various antigens of Sh.. flexneri 
types lb and 3 .. 
In contrast there was more difference of opinion re-
garding the nature of the cross-reacting antigens of the 
shigellae. Andrewes and Inman (1919) suggested that a 
given type contained a mixture of antigens• Boyd (1938) 
considered the cross-reactions to be due to the presence 
of a common group antigen in addition to a type specific 
antigen. Perlman and Goebel (1946) used highly purified 
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somatic antigens isolated from types I, I-III and III 
(la, lb and 3) for a quantitative study of these. types~ 
They presented a third hypothesis regarding the nature of 
the cross-reacting antigens. Their antigens were considered 
to be single, individual substances which could not be 
fractionated further by physical or chemical means. They 
interpreted their data to support the view that each type 
had a single somatic antigen with various serological. re-
active groups. All of the somatic antigens of the Sh~ .flexneri 
types studied had similar chemical.and physical.properties 
differing. only in the presence or absence of certain sero-
logically specific groups.. 'l?hus it was considered that the 
cross-reactions. among the types studied by them were due 
to specific groups on a single molecule. They pointed out 
that because of the close similarity between the chemical 
and physical properties of the various antigens, their pre-
parations might be mixtures of antigens. However, they did 
not consider this latter possibility compatible with their 
data. 
The agar-gel precipi.tation technic ·has one great ad-
vantage over the usual agglutination and precipitation 
methods .. · Both Oudin (194.6) and Ouchterlony { 1948) estab-
lished that each antigen and antibody in a mixture diffuse 
separately through the agar~gel •. When antigen and antibody 
meet in equivalent concentration a precipitation zone forms. 
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As a consequence of' the independent diffusion of reactants·, 
each precipitation zone represents a separate antigen-anti-
body system (or more in event of superimposed zones). 
It has been possible to use the agar-gel precipitation 
technic to distinguish between the above~mentioned hypothesis 
regarding the antigenic structure of Sh. flexneri types ib 
and "3. From the data obtained in the present investigation 
· it is .obvious that the type specific antigens of both type 
lb and 3 Sh. flexneri are entities separate from the cross-. 
. - . . 
reacting antigens of the types studied. Less complete 
evidence indicates that the 6 gr.oup antigens of both types 
. . . 
also are individual entities~ It niay well be that the other 
group antigens :.also· a:re individual substances. Thus it is 
apparent that the views regarding the antigenic structure 
of the shigellae, expressed by Andrewes and Inman (1919) 
are essential~y correct. 
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SUM1URY 
1. Using the agar-gel precipitation technic it was 
shown that the same antibodies were produced by rabbits 
immunized with different strains of the same.type of 
Sh. flexneri types lb and 3. 
2. It was shown that the component antigens of type · 
lb or 3 antigenic extracts did not vary within the same 
type. 
3. The. zones of precipitate formed by the type.~· 
specific I antigen·and the 6 group antigen of the type lb: 
She flexneri wer$·identified. 
4.. Similarly the precipitation zone. due to the type 
specific III antigen of the.type 3 Sh .. flexneri·wa-s identi-
fied and two zones due to the 4, 6, or 9 group antigen-
antibody system were described. 
5. It was shown that the type specific antigens and 
the group antigens of types lb or 3 Sh. flexneri diffused 
through agar as separate molecules. 
Figure 1 
The variation of type lb Sh. flexneri antisera 
1. strain 1-1 antiserum 
2. 
3 .. 
4~ 
5 .. 
strain 
strain 
strain 
strain 
6~ saline 
1-4 ai).tiserum 
1-8 antiserum 
l-9 antiserum 
1-10 antiserum 
center - type lb antigenic extract made from a 30 mg/ml 
suspehsion of-cells. 
Figure 2 
The variation of type 3 Sh. flexneri antisera 
1. strain 17B antiserum 
2. strain 45C antiserum 
3. strain 46A antiserum 
4.. strain 5BA antiserum 
5. strain 58A antiserum 
·6. saline 
center - type 3 antigenic extract fr0m a 30 mg/ml cell 
suspension 
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!Plate I 
The variation between antisera prepared _by immunization 
with dif'f'erent strains of' either types lb or 3 Qh. f'lexneri. 
Figure 1 
. -- ---- ·-- -·--- --
-. "': 
'--::- _____ =::;:-----. . ---=--·- - . 
Figure 2 
® CD 
' Figure 1 
Using type lb antigenic ·extracts made f'rom a 20 · 
mg/ml cell suspe.Q.sion. 
1. strain l-1 antigenic extract 
2. strain 1~4 antigenic extract 
3 a strain 1-8 antigenic extract 
4.. strain 1-10 antigenic extract 
5. saline 
6. saline 
center - type lb antiserum 
Figure 2 
Using type 3 antigenic extracts 
mg/ml cell suspension .. 
1. strain 17B antigenic extract 
2. strain 45C antigenic extract 
'.~. 
3. strain 46A antigenic extract ~ 
4. strain 58 A antigenic extract 
5. strain M96A antigenic extract 
6 .. saline 
center - type 3 antiserum 
made from a 30 
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Plate II 
The differences in the antigenic structure of antigenic 
extracts of either type lb or 3 Sh~ fle:xneri. 
~· . -
'Figure 1 
·Figure 2 
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Plate, .III 
I 
The homologous reaction of type lb Sh. flexneri antigenic 
extracts and antiserume 
I; I 
0 
" !:1 /,i) ,. 
:,'~.: 
1. type lb antiserum 
2. type lb antigenic extract .from a 20 mg/ml cell suspension 
3e type lb antigenic extract from a 30 mg/ml cell suspension 
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Figu~e 1 
Using type la antigeni~ extract 
1. type lb antiserum 
' 30 mg/ml 2. type la antigenic extract from a cell suspension 
3. type lb antigenic extract from a 30 mg/ml cell suspension 
F:igu:r;e 2 
! 
.. I 
Using type la antiser~ 
1. type lb antigenic extraot -from a 30 mg/ml cell· suspension 
2. type la antiserum ! 
.. ! . 
3. type lb antiserum 
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·Pla~e IV. 
Identification of the precipitation zone due to the type 
specific I antigen by cross-reaction of type lb Sh. flexneri 
with type .la. 
Figure l 
' .-~---.-- ~·-:--··c-;-::-;:-;.--:--=~-:-::-:~~' 
Figu,re 2 
. 0 0 0 0 
4J 
Figure 1 
Using type 3 antigenic extract 
I 
1. type lb antiserum 
2. type 3 antigenic extract: from a 30 mg/ml cell suspension 
3. type lb antigenic extract from a 30 mg/ml cell suspension 
Figti;re 2 
Using type 3 antiserum 
1~ type lb antigenic extract from a·30 mg/ml cell suspension 
2. type 3 antiserum 
3. type lb antiserum 
',I 
'· 
' -~ . 
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PLATE V 
Identification of the precipitati--On zone due to the 6 
group antigen by cross-reaction of Sh. flexneri with type 38 
' I 
Figure 1 
·-Figure 2 ·· 
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Figur'e 1 
Type lb antiserum absorbed with type la antigenic extract •. 
1. type lb antigenic. extract!; .from a 30 mg/ml cell suspension 
2. type lb antiserum absorbetl with type la antigenic extract 
.from a 150 mg/ml cell s~spension 
3. type lb antiserum unabsorbed 
Figure 2 
Type lb antiserum absorbed with type 3 antigenic extract~ 
1. type lb antigenic extract 'from a 30 mg/rnl cell suspension 
2. type lb antiserum absoreed with a type 3 antigenic extract 
i 
.from a 150 mg/ml cell suspension 
3.. type lb antiserum unabserb,e<i 
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PLATE VI 
Identification of the precipitation zones due to the type 
specific I antigen and the 6 gr®up antigen by antiserum 
-a~sorbed with either' type la or 3 antigenic extracts. 
j 
I 
1 l .• 
\ 
! 
i Figure 1 
Figure 2 
PLATE-VII 
I 
I 
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Identification of tbe .type s~ecific antigen using antigen 
specifically absorbed by type -la antiserum .. 
l type_lb antiserum unconcentrated 
2 type lb'antigenic extract, made from 
unweighed quantity of cells, unblocked 
3 type lb antigenic extract, same as in 2, 
but blocked with type la antiserum 
unconcentra.ted 
P-LATE V!II 
The homologous reaction oftype 3 .§h. flexneri antigenic 
extracts and antj_serum·. 
1 type. 3 antiserum 
? type 3 antigenic extract made from a 
20 mg/ml suspension of cells 
3 type 3 antigenic extract made from a 
30 mg/ml suspension of cells 
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Rigure 1 
Using type lb antigenic extract. 
1. type 3 antiserum 
2$ type lb antigenic extract :from a 30 mg/ml cell suspension 
3. type 3 antigenic extract from _a 30 mg/ml cell suspension 
Figure 2 
Using type 3 antiserum. 
1. type 3 antigenic extrapt from a 30 mg/ml cell suspension 
2. type lb antiserum 
3. type 3 aptiserum 
~· ;. 
·.·,, 
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PLATE IX 
Identification of the precipitation zone due to the group 
antigens of type J Sh. flexneri by cross-react.ions with type llD. · 
Figure 1 
Figure 2 
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..PLATE X 
Identification of the precipitation zone;& due- "to the type 
. t 
... \. 
specific III antigen and the gr6Up antigens with antiserum 
absorbed with type lb antigenic extract • 
• , p 11 
j/ 
~ type 3 antigenic extract made from a 
30 mg/ml suspension of cells 
2 type 3 antiserum absorbed with type lb 
antigenic extract made from a 150 mg/ml 
suspension of cells 
3 type 3 antiserum unabsorbed 
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;r?LATE XI 
Identification of the precipitation zone due to the type 
,specific III antigen using absorbed antigen. 
j. 
~ 
I I , 
1 type 3 antiserum unconcentrated 
2 type 3 antigenic extract, made from an 
unweigh_ed quantity of cells, unli>loeked 
3 type 3 antigenic extract, same as in 2, 
but blocked with type lb anti&erum 
unconcentrated 
• 
i 
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The purpose of ~_his investigation was to study the 
antigenic structure of Shigeila flexneri types lb and 3. 
1 
A second aim was to study the number of molecular entities 
involved in th.e serologic cross-reactions between these 
types. 
The presence of antigen and antibody was detected by 
placing them in opposing wells of an agar-gel plate pre-
pared according to the method of Ouchterlony (Acta Path. 
Microbiol .. , 26:567, 1949).. The reactants diffused into 
the agar and where they met· in equi vaJ..ent concentrations a 
precipitat~on zone was formed. Antiserum was prepared in 
rabbits by immunization with whole, live organisms. Saline 
suspensions of weighed -quantities of acetone-killed or-
ganisms were digested with trypsin and the supernatants 
used as antigenic extracts. Antiserum was absorbed di-
rectly in the agar-gel by placing antigenic extracts in 
the agar under the antiserum well.. Specific antigens were 
abs:Grbed directly from antigenic extracts in a similar 
manner, by placing antibody under the antigen well~ · 
The data were interpreted according to Wilson and 
Pringle (J .. Immun., 75:460, 1955)., They described the 
-
ways in which the serologic relationships of various anti-
gens can be established. If two antigens are similar, then 
their precipitation zones will completely coalesce. However, 
if two antigens are similar hut not identical, their zones 
coalesce but also ·one zone cro$ses the other zone to form 
• 
~ 
2 
a spur. If two antigens are completely dissimilar, their 
zones will cross without coalescing. 
The antibody response of rabbits to different strains 
of the same type of Sh. flexneri was uniform. The com-
ponent antigens of. type lb or 3 Sh. flexneri antigenic 
extracts did not vary among strains of the same type. 
The homologous reaction of type lb Sh. flexneri anti-
gen and antil!>ody was determined using antigenic extracts 
made from either 20 or 30 mg/ml. suspensions of type lb 
cells* These extracts were allowed to react with type lm 
antiserum and both extracts formed three precipitation 
zones. These zones were considered to represent the major 
antigen-antibody systems of type lb, although the other anti-
gens are present in this organism. 
A type la antigenic extract made from a.20 mg/ml cell 
suspension and a type lb a:ratigenic extract from a 30 mg/ml 
cell suspension were allowed to react with type lb anti-
serum. Whereas the homologous reaction formed three preci-
pitation zones, the heterologous reaction formed only a 
single zone -showing a reaction of compl'ete identity wit.h one 
zone of the homqlogous reaction. This cross-reaction was 
also studied using type la and lb antiserum and type lb 
antigenic extract. The results so obtained were the same 
as those presented above. From this it was concluded th~t 
of the three antigen-antibody systems detected im the homo-
3 
logous reaction, one was present in both types la and lb, . 
presumably due to the type specific I antigen. 
Type lb and 3 antigenic extracts prepared from 3 0 mg/ml 
suspensions of the appropriate cells were permitted to 
react with type lb antiserum~ The homologous reaction 
formed three precipitation zones and the heterologous re-
action formed only one zone. This zone showed a reaction 
of complete identity with one zone of the homologous re-
action. Using type lb and 3 antisera and type lb antigenic 
extract, similar results were obtained~ From this it was 
concluded that one of the three antigen-antibody systems 
detected in the homologous reaction was shared by types 11¥> 
and 3 Sh. flexneri, presumably due to the group specific 
6· antigen.· 
It was shown by direct·absorption in agar of specific 
antibodies from antiserum that the antibody directed 
against the antigen shared by types la. and lb could not 
be removed by type 3 antigenic extract. Type la antigenic 
extract would only ·remove the antibody di.rected towards it 
from type lb _antiserum and left the antibodies direc.ted 
towards the other two antigens. Experiments employing the 
direct absorption of specific antigens from antigenic 
extracts in agar confirmed the results obtained by serum 
absorption .. 
It was concluded that the type specific I antigen-
antibody system was shared by types la and lb, and the· 
group specific 6 antigen-antibody system was ~hared by 
types lb and 3. Of the two antigens not shared by types 
la and lb only the 6 group antigen was found in types lb 
and 3. The antigen-antibody system unique t<:> type lb 
probably represented the "sn antigen. 
The homologous reaction of type 3 Sh. flexneri anti-
gen and antibody was studied using antigenic extracts 
made from either 20 or 30 mg/ml cell suspensions. They 
were allowed to react with type 3 antiserum and three 
precipitation zones were formed~ These zones were con-
sidered to represent the major antigen-antibody systems, 
although other antigens are present in this type. 
4 
Type lb and 3 antigenic extracts, prepared from 30 
mg/ml suspensions of the appropriate type cells were allowed 
to react with type 3 antiserum. The homologous reaction 
produced three precipitation zones, whereas heterologous 
reaction resulted in two precipitation zones which exhibited 
reactions of identity with two of the zones formed in the 
homologous reaction. It was concluded that two of the 
three antigen-antibody systems detected in the homologous 
reaction were shared by types lb and 3. 
By means of the direct absorption of specific anti.-
bodies from antiserum, it was shown that the antibodies 
directed towards the cross-reacting antigens could be 
removed from an antiserum and the antibody directed towards 
the unique antibody left. The cross-reacting antigens 
could also be absorbed from type 3 antigenic extracts 
when type lb antiserum was placed in the agar beneath the 
antigen well~ 
5 
From these experimental findings it was concluded that 
the type specific III antigen-antibody system was the system 
not shared by types lb and 3. The two antigen-antibody 
systems shared by types lb and 3 were concluded to represent 
two of the three group antigens, 4, 6, or 9. 
From the results of the experiments involving the 
specific absorption of antigens or antibodies of either 
types lb or 3, it was concluded that the type specific 
antigens diffused through the agar as molecular entities 
separate from the group antigens. The relatiopship of 
this conclusion to other investigators' findings concerning 
the antigenic structure of Sh~ flexneri was discussed~ 
